Objectives: The Pediatric Emergency Care Applied Research Network (PECARN) head trauma prediction rules are used to assist computed tomography (CT) decision-making for children with minor head trauma. Although the PECARN rules have been validated in North America and Europe, they have not yet been validated in Asia. In Japan, there are no clinical decision rules for children with minor head trauma. The rate of head CT for children with minor head trauma in Japan is high since CT is widely accessible across the country. The objective of this study was to evaluate the diagnostic accuracy of the PECARN rules for identifying clinically important traumatic brain injuries (ciTBI) in children with minor head trauma in Japan.
minor head trauma is to identify those who have clinically important intracranial injuries. Although head computed tomography (CT) scans are useful for definitive diagnosis, their use should be minimized since lethal malignancies have been reported to occur in one of every 1,000 to 5,000 pediatric head CT scans. 1, 2 At present, emergency physicians may use several clinical prediction rules to support clinical decisionmaking for children with minor head trauma. In the United States, the Pediatric Emergency Care Applied Research Network (PECARN) developed two age-based head trauma prediction rules to identify children at low risk of clinically important traumatic brain injury (ciTBI) who do not require head CT. 3 The PECARN rules were validated in North America and Europe and have since been used to assist CT decision-making for children with minor head trauma. [3] [4] [5] [6] [7] However, the PECARN rules have not yet been validated in Asia.
In Japan, CT is widely accessible, with the number of CT units per million people being the highest in the world. 8 Ozaki et al. 9 reported that over 60% of Japanese children with minor head trauma underwent head CT. We hypothesized that the rate of head CT for children with minor head trauma in Japan is high. If the PECARN rules were applicable in Japan, the rate of head CT for children with minor head trauma may decrease. In this study, we aimed to investigate whether the PECARN rules can be safely applied to children with minor head trauma in Japan before conducting a prospective validation study.
METHODS

Study Design
We conducted a retrospective cohort study to investigate whether the PECARN prediction rules were applicable to Japanese children with minor head trauma. The ethics committee waived the requirement for institutional review board approval, as the study does not fall within the criteria for approval since only anonymous medical information was used.
Study Setting and Population Study Setting. Our ED is part of a tertiary care pediatric hospital in Japan, which provides care for approximately 30,000 patients per year. Attending physicians are available at all hours to examine children with head trauma and to provide treatment according to the guidelines established by the American Academy of Pediatrics. 10, 11 All information relating to patients and injuries is systematically entered into the electronic health record. Children with no severe symptoms who did not fulfill guideline criteria 10, 11 or who did not have any head CT findings were allowed to go home after receiving a verbal explanation and written instructions on the symptoms and signs potentially related to intracranial injuries. The guardians were instructed to visit our ED again if their children developed any of the symptoms described in the instructions. All infants who were less than 1 year old were required to visit our ED again the next day.
Patient Selection. Eligibility criteria for the present study were as follows: 1) all children younger than 18 years of age with a reported history of blunt head trauma between January and December 2013, 2) children who presented to the ED within 24 hours of injury, and 3) children with an initial Glasgow Coma Scale (GCS) ≥ 14 in the ED. We excluded children with neuroimaging performed at another hospital before transfer, coagulopathy, known brain tumors, preexisting neurological disorders which can complicate assessment or those who were missing the primary endpoint. 3 
Measurements
Electronic health records of all identified patients were manually reviewed by three pediatric emergency physicians. Patient data included demographic characteristics, medical history, time of injury, time of ED attendance, detailed mechanism of injury, site of trauma, features and onset of posttraumatic symptoms, mental status, CT scan findings, need for neurosurgery or hospitalization, results of scheduled and unscheduled return visits, and reports of the institutional Suspected Child Abuse and Neglect Team. Each case of a return visit within 4 weeks after the initial evaluation was examined to identify possible missed ciTBI. The variables were transformed according to the definition of the PECARN rules. 3 Guidelines for data abstraction and definition of variables were developed prior to data collection. The variables that were not documented in the electronic health record were coded as not present. CT scans were independently interpreted by staff radiologists who were not aware of this study.
Data Analysis
Statistical analyses were performed using R version 3. We classified children with one or more high-risk predictors (altered mental status or palpable skull fracture for < 2 years old and altered mental status or signs of basilar skull fracture for ≥ 2 years old) as high risk, children with one or more intermediate-risk predictors (for < 2 years old-severe injury mechanism, loss of consciousness > 5 seconds, nonfrontal hematoma, and not acting normally according to parents; for ≥2 years old-severe injury mechanism, any loss of consciousness, vomiting, or severe headache) as intermediate risk, and children with none of the predictors as very low risk. 3 The PECARN rules were considered positive when the children had any of the high-risk or intermediate-risk predictors and negative when the children had no predictors. The primary outcome was considered positive when the children had a ciTBI defined as death from head trauma, neurosurgery, intubation > 24 hours, or hospital admission ≥ 2 nights. 3 We calculated sensitivity, specificity, and positive and negative predictive values with 95% confidence intervals (CIs) to evaluate the diagnostic accuracy of the PECARN rules for the presence of ciTBI. For the subgroup analysis, we also calculated the diagnostic accuracy of the PECARN rules for the cohort without physically abused children.
RESULTS
During the study period, 2,307 children with blunt head trauma presented to our ED within 24 hours after trauma. We excluded children with preexisting neurologic disorders (chromosome abnormality, history of brain injury, or developmental disorder; n = 67), GCS less than 14 at the ED (n = 17), coagulopathy (n = 14), and missing primary outcome (n = 1). Thus, 2,208 children (792 patients < 2 years old; 1,416 patients ≥ 2 years old) were enrolled and analyzed in this study (Figure 1) . The demographics are shown in Table 1 . The majority of patients were male, and more than 95% of patients showed an initial GCS of 15 in both age groups. With regard to positive predictor variables, severe injury mechanism (111/792, 14.0%) was observed most in the <2-year-old group, and vomiting (142/1,416, 10.0%) was most common in the ≥2-year-old group. Comparing the two age groups, severe injury mechanism (14.0% vs. 9.5%) and physical abuse with head trauma (1.3% vs. 0.4%) were significantly more frequent in the <2-year-old group. CT scans were performed at approximately the same rate for both groups, 12.2% (97/792) for children < 2 years old and 14.1% (200/1416) for children ≥ 2 years old. There were 24 patients with ciTBI; no patient died, two patients required neurosurgery and intubation for > 24 hours, and 22 patients were admitted to the hospital for ≥2 nights with intracranial injuries.
We assessed the performance of the PECARN rules for predicting the presence of ciTBI (Table 2) . There were 14 patients with ciTBI in the <2-year-old group and 10 in the ≥2-year-old group, and the incidence of ciTBI was significantly higher in the <2-year-old group (1.8% vs. 0.7%, p = 0.03). In both age groups, the incidence of ciTBI increased as the risk category increased (p < 0.001). Applying the PECARN rules to our cohort, two children with ciTBI (ages 1 and 10 months) were classified as very low risk, and hence CT scan was not recommended. The diagnostic accuracy for children < 2 years old had a sensitivity and specificity of 85.7% (95% CI = 57.2 to 98.2) and 73.5% (95% CI = 70.3 to 76.6), respectively, and for children ≥ 2 years old, 100% (95% CI = 58.7 to 100) and 73.4% (95% CI = 71.0 to 75.7), respectively.
We found 16 cases of physically abused children (<2 years old, 10 patients; ≥2 years old, six patients) confirmed by the Suspected Child Abuse and Neglect Team (Table 3) . Six (60%) of the 10 physically abused children < 2 years old had ciTBI, and no physically abused children ≥ 2 years old had ciTBI. The incidence of ciTBI was significantly higher in the group of physically abused children < 2 years old compared to the entire <2-year-old group (60.0% vs. 1.8%, p < 0.001). Applying the PECARN rule to the six physically abused children with ciTBI, objectively taken predictors (altered mental status, palpable skull fracture, or nonfrontal hematoma) were seen in only 50% (3/6) of the physically abused children with ciTBI. Thus, two physically abused children with ciTBI would have been classified as very low risk if the PECARN rules were applied. The two children underwent head CT during their ED visit because of suspected physical abuse or vomiting, which were not predictors in the PECARN rules for children < 2 years old. The size of the subdural hematoma in both patients was less than 1 cm without mass effect. These patients did not require surgery or mechanical ventilation. During the hospital stay, the 10-month-old boy had persistent vomiting Data are reported as n (%) or median (IQR). GCS = Glasgow Coma Scale; IQR = interquartile range. for several days and the 1-month-old girl had no symptoms.
For the subgroup analysis, we also calculated the diagnostic accuracy of the PECARN rules for the cohort with no physically abused children (Table 4) . There were eight patients with ciTBI in the <2-year-old group and 10 in the ≥2-year-old group, and the difference in the incidence of ciTBI became statistically insignificant between the two age groups (1.0% vs. 0.7%, p = 0.46). There were no children with ciTBI who would be classified as very low risk. The performance of the PECARN rule for children < 2 years old improved to a sensitivity of 100% (95% CI = 51.8 to 100) and specificity of 73.5% (95% CI = 70.3 to 76.6).
DISCUSSION
We conducted the first retrospective cohort study to evaluate the applicability of the PECARN rules for children with minor head trauma in Japan. The predictive performance of the PECARN rules seemed to be less reliable than in the landmark study, 3 especially in children younger than 2 years old because nonaccidental trauma had a deleterious effect on the rules' performance.
We found that the sensitivity of the PECARN rules for ciTBI in the <2-year-old group seemed to be lower (85.7%) than those in previous validation studies (all 100%). [3] [4] [5] [6] [7] Two of those studies excluded physically abused children and hence did not show the diagnostic accuracy for the cohort including physically abused children. 4, 5 The other three studies did not clearly state whether physically abused children were excluded. 3, 6, 7 In our cohort, 16 children were confirmed to have experienced physical abuse, and the incidence of ciTBI was significantly higher in abused children < 2 years old compared to the entire <2-year-old group. Also, two out of six abused children with ciTBI would be classified as very low risk using the PECARN rules, even though they had intracranial injuries. We postulate that child abuse may have a deleterious effect on the performance of the PECARN rules.
The PECARN rules for children younger than 2 years old feature three predictors consisting of objective information taken from patients, such as altered mental status, palpable skull fracture, or nonfrontal hematoma and three predictors consisting of subjective information taken from their guardians, such as severe injury mechanism, loss of consciousness for more than 5 seconds, or not acting normally according to their parents. Because subjective information from guardians can be unreliable in the case of child abuse, at least one of the three objective predictors should be present to accurately classify these patients as intermediate or high risk. However, inflicted injuries, which tend to occur in younger patients and infants with intracranial injuries, usually have nonspecific or no symptoms at all. 12 In our cohort, only 50% (3/6) of the abused children < 2 years old with ciTBI showed positive predictors, which were objective predictors according to the PECARN rules. Therefore, thoughtful consideration for younger children with physical abuse may be necessary.
The PECARN rules do not include any recommendations for children who are suspected of being abused, although the CHALICE rule recommends performing CT scans for children who may have any nonaccidental injuries. 13 Due to the risk of misclassifying physically abused children with ciTBI as very low risk, we may not be able to simply apply the PECARN rules to all children with minor head trauma. To recognize physically abused children, clinical decision rules and clinical history may be used. 14, 15 Since the diagnostic accuracy for the cohort without abused children was excellent, we can conclude that the PECARN rules can be used for children with minor head trauma in Japan as long as we treat children who are suspected of being abused separately. Physicians should pay special attention as to whether nonaccidental trauma is suspected in pediatric cases of head trauma.
LIMITATIONS
Our study has several limitations. First, due to the retrospective nature of the study design, we could not meaningfully evaluate the reliability and validity of our data. We coded the variables that were not documented in the electronic health record as not present. Also, the data abstractors were not blinded to the outcome. Therefore, a future prospective study is needed to elucidate the safety and efficacy of the PECARN rules for children with minor head trauma in Japan. Second, we did not exclude children with trivial injury mechanism defined by ground-level falls or walking/ running into stationary objects, although those children were excluded in the original PECARN study. 3 Due to the characteristics of a retrospective study, it was impossible to determine whether patients had a trivial injury mechanism or not. This may lead to an underestimation of the risk of ciTBI in the category of very low risk. Third, we did not follow up on all patients discharged from the ED. Hence, we might have missed children with ciTBI who were subsequently examined at other hospitals. However, we believe that this is unlikely, as our institution is the largest pediatric medical center in our area that provides pediatric neurosurgery and pediatric intensive care. Finally, this study did not show the general applicability of the PECARN rules in Japan since most children with head trauma are not usually examined at an ED in a tertiary pediatric center. Also, the examinations at our ED were all done by pediatric emergency attending physicians. Therefore, further multicenter validation studies across different settings are needed, including studies in general EDs.
CONCLUSIONS
The PECARN rules were less sensitive for physically abused children, although the rules showed excellent ACADEMIC EMERGENCY MEDICINE • March 2017, Vol. 24, No. 3 • www.aemj.org applicability for the cohort without physically abused children in Japan. Thoughtful consideration is needed in cases of suspected nonaccidental trauma, and other management choices, such as hospital admission or contacting social workers, should be assessed. Further prospective studies are required to verify the applicability of the PECARN rules for children with minor head trauma in Japan.
